Objectives This study was conducted to determine whether direct stenting with TAXUS Liberté is noninferior to stenting after pre-dilation.
Conventional stenting generally employs balloon predilation of the target lesion to simplify stent delivery and facilitate complete stent expansion. The introduction of more flexible, lower-profile, balloon-expandable stents has made direct stenting (i.e., without pre-dilation) more common. Studies using bare metal stents have proven that direct stenting is safe and effective in patients selected for favorable anatomy, with outcomes similar to stenting after predilation but with reduced procedural time and cost (1) (2) (3) (4) (5) .
Drug-eluting stents have demonstrated a clear benefit over bare metal stents in suppressing neointimal growth and reducing the rate of repeat revascularization, resulting in better long-term outcomes even in complex lesions (6) (7) (8) . Similar to the bare-metal stent experience, drug-eluting stents are implanted without pre-dilation in up to 34% of patients (9 -11) . There are few data from controlled trials on direct stenting with drug-eluting stents, beyond early evidence suggesting it to be as safe as stenting after pre-dilation (12) (13) (14) .
The TAXUS Liberté stent (Boston Scientific Corporation, Natick, Massachusetts) combines the polymer-based, paclitaxel-eluting TAXUS technology with a more advanced stent geometry and was proven to be effective in the pivotal TAXUS ATLAS study (15) . The TAXUS Liberté features thinner 316L stainless steel struts (0.0038 vs. 0.0052 inches); a continuous cell architecture for improved deliverability, conformability, and homogeneity of drug distribution; and a smaller tip profile to allow easier access to the target lesion (16) . The TAXUS ATLAS DIRECT STENT was a prospective, single-arm, historically controlled study evaluating the hypothesis that direct stenting with TAXUS Liberté is noninferior to stenting with balloon pre-dilation.
Methods
Device description. The TAXUS Liberté-SR Stent consists of a balloon-expandable Liberté stent with a polymer coating containing 1 g/mm 2 of paclitaxel in a slow-release formulation. Patient selection, procedure, and follow-up. A total of 247 direct stent patients were enrolled at 24 centers in the U.S., New Zealand, and Singapore from March to September 2005. The study protocol was approved by local ethics review committees, and all patients provided written informed consent. Trial results are reported on the National Institutes of Health website (see registry information after the abstract).
Eligible patients were 18 years or older undergoing percutaneous coronary intervention of a single de novo lesion Ն10 and Յ28 mm in length (visual estimate) in a native coronary artery with a reference vessel diameter (RVD) of Ն2.5 and Յ4.0 mm (visual estimate) and a left ventricular ejection fraction of Ն25%. Patients with myocardial infarction within 72 h were prohibited. Angiographic exclusion criteria prohibited left main, ostial, or bifurcation lesions; total occlusion or thrombus; severe or moderate lesion calcification; and tortuosity or excessive bending. Enrollment occurred after successful treatment of a non-target lesion (if applicable) but before advancing a guidewire across the target lesion.
Loading doses of clopidogrel (300 mg) or ticlopidine (500 mg), and aspirin (300 mg) were administered before the procedure. After stent implantation, all patients were prescribed clopidogrel (75 mg daily) or ticlopidine (250 mg twice daily) for a minimum of 6 months. Aspirin (Ն100 mg daily) was mandated for at least 9 months and recommended indefinitely.
Clinical follow-up was scheduled at 1, 4, and 9 months and yearly thereafter for 5 years. Quantitative coronary angiography (QCA) and intravascular ultrasound (IVUS) follow-up for all patients were scheduled at 9 months. Control group. The 543 patients from the QCA subset of the pivotal TAXUS ATLAS study served as the pre-dilation control for TAXUS ATLAS DIRECT STENT (15) . Inclusion and exclusion criteria were identical for TAXUS ATLAS and TAXUS ATLAS DIRECT STENT. Enrollment, however, occurred after successful pre-dilation of the target lesion in TAXUS ATLAS but before wiring of the target lesion in TAXUS ATLAS DIRECT STENT. Additionally, whereas all direct stent patients were required to have both IVUS and QCA follow-up at 9 months, only a subset of pre-dilation control subjects underwent IVUS follow-up (Fig. 1 Ormiston et al. The TAXUS ATLAS DIRECT STENT Study point definitions were identical to those in TAXUS ATLAS (15) . Stent thrombosis was determined angiographically or, in the absence of angiographic confirmation, as sudden cardiac death within 30 days of implantation or myocardial infarction in the territory of the target vessel, with a protocol definition that closely parallels the Academic Research Consortium (ARC) definite or probable criteria.
The QCA and IVUS analyses were performed by the same core laboratories (Brigham and Women's Hospital, Boston, Massachusetts, and Washington Hospital Center, Washington, DC, respectively) for both TAXUS ATLAS DIRECT STENT and TAXUS ATLAS (15) . Both QCA and IVUS measures within the stent and the analysis segment (including the stented region and the 5-mm edge regions) were reported separately. Paired analyses were conducted on patients for whom both procedure and 9-month data were available. End points. The primary end point was percent diameter stenosis (%DS) of the analysis segment at 9 months. Secondary end points included MACE, stent thrombosis, all-cause death, and QCA and IVUS outcomes. Statistical methodology. All end points were analyzed with both the intention-to-treat (ITT) and the per-protocol (PP) population, which excluded patients who did not receive either the study stent or the assigned implantation procedure. The PP population was the main population of interest for noninferiority testing of the primary end point to eliminate possible dilution of the true differences between the assigned stent and implantation procedures, thus preventing erroneous conclusions. The pre-specified noninferiority margin of 6.75% was based on one-half of the effect exhibited by the TAXUS Express stent versus the bare metal control in the TAXUS IV trial (8) . Assuming a noninferiority margin of 6.75%, a 9-month %DS analysis segment rate of 26.3% (on the basis of TAXUS IV), and 30% attrition, the required enrollment for TAXUS ATLAS DIRECT STENT was 250 subjects for 89% power.
Baseline, post-procedure, and follow-up information were summarized with descriptive statistics. The p value for comparing 2 independent continuous variables was from Student t test and for comparing 2 proportions was from the chi-square test; Fisher exact test was used if the total number of samples was Ͻ40 or at least 1 cell count in the 2 ϫ 2 table was expected to be Ͻ5. The Kaplan-Meier product-limit method and log-rank test were used to assess time-to-event end points across study groups.
Propensity score analysis was performed with a hierarchical logistic regression model with a stepwise selection process. The significance level for entry and exit of independent variables was set at 0.10. Multivariate analysis was used to determine predictors for target lesion revascularization (TLR) at 9 months. All covariates were modeled univariately for each outcome and multivariately with a stepwise procedure in an appropriate regression model. Statistical significance was set at p Ͻ 0.05.
Results
Baseline characteristics. The groups were well-matched for demographic data and clinical characteristics, but direct stent patients had shorter lesions, larger minimum lumen diameter (MLD), less %DS, and less calcification (Table 1) . There was a high prevalence of type B2/C lesions in both *Only 60% of pre-dilation control patients versus 100% of direct stent patients were included in the intravascular ultrasound (IVUS) subset; †starting at 12 months, only per-protocol population (PP) patients will continue to be followed. Angio ϭ angiography; F/U ϭ follow-up; ITT ϭ intent-to-treat. groups. For both groups, 50% of target lesions were Ͻ13 mm in length, but 95% of lesions were Ͻ23.5 mm (maximum 31.1 mm) for the direct stent group, versus 95% of lesions being Ͻ28 mm for the control (maximum 52.7 mm), indicating a skew toward shorter lesions for the direct stent group (Fig. 2) . Procedural outcomes. The TAXUS Liberté stent was successfully implanted by direct stenting in 97.6% of direct stent patients, with crossover to balloon pre-dilation required in only 6 patients (2.4%; Table 2 ). One control patient (0.2%) underwent direct stenting. All 247 direct stent patients (100%) and 539 (99.3%) control patients successfully received the TAXUS Liberté stent. A mean of 1.1 stents/patient was implanted in both groups (591 stents in 543 control patients; 269 stents in 247 direct stent patients). The majority of implanted stents were 3.0 mm in was not included in the calculation of the overall p value for the American College of Cardiology (ACC)/American Heart Association (AHA) lesion type.
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CABG ϭ coronary artery bypass graft; CAD ϭ coronary artery disease; DS ϭ diameter stenosis; LAD ϭ left anterior descending artery; LCX ϭ left circumflex (artery); MI ϭ myocardial infarction; MLD ϭ minimum lumen diameter; PCI ϭ percutaneous coronary intervention; QCA ϭ quantitative coronary angiography; RCA ϭ right coronary artery; RVD ϭ reference vessel diameter.
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Ormiston et al. The TAXUS ATLAS DIRECT STENT Study diameter (32.0% control; 45.4% direct stent) and 16 mm in length (37.4% control; 50.9% direct stent). There were no episodes of stent detachment or embolization in the direct stent group.
Procedural time was similar between the groups (Table  2) . However, 100% of direct stent patients but only 60.2% of control patients were included in the IVUS follow-up. For those patients in the IVUS subset, both procedure and fluoroscopy time were significantly shorter for direct stent versus control by nearly 5 and 2 min, respectively. Maximum stent-deployment inflation pressure was similar between the groups. Post-dilation was performed 13.0% more frequently for the direct stent group ( Table 2 ). The maximum balloon/artery size ratio and the overall maximum device size were both significantly smaller for direct stent than control. There were significantly fewer complications in the direct stent group than the control ( Table 2 ). IVUS ϭ intravascular ultrasound; MACE ϭ major adverse cardiac events; QCA ϭ quantitative coronary angiography; RVD ϭ reference vessel diameter. Antiplatelet use. At hospital discharge, 99.6% of predilation control subjects and 100% of direct stent patients were receiving dual antiplatelet therapy (p ϭ 1.00). A total of 91.6% of pre-dilation control patients and 93.3% of direct stent patients (p ϭ 0.40) received dual antiplatelet therapy through the protocol-mandated 6-month duration. By 9 months, the use of dual antiplatelet therapy had fallen to 60.5% for pre-dilation and 57.9% for direct stent (p ϭ 0.49); however, 94.7% of control patients and 97.9% of direct stent patients (p ϭ 0.0410) were taking aspirin. 9-month angiographic diameter stenosis. The primary end point of noninferiority of analysis segment %DS was analyzed for both the ITT and PP populations (Fig. 3) . The PP population exhibited unadjusted %DS values of 29.14% for the control and 26.41% for the direct stent group. The difference in %DS values between the groups was Ϫ2.73%, and the upper 1-sided 95% confidence interval (CI) of this difference was Ϫ0.34%, which is significantly less than the pre-specified noninferiority margin of 6.75% (p Ͻ 0.0001); thus, noninferiority of direct stenting versus pre-dilation was demonstrated. Similar results were obtained with the ITT population and after propensity score adjustment for differences in baseline characteristics. Angiographic and IVUS paired lesion analysis. At 9 months, paired lesion QCA analysis demonstrated similar MLD, %DS, and late loss in both groups (Table 3) . The IVUS analysis revealed no differences between the groups for changes in vessel, lumen, or neointima area from post-procedure to 9 months. The percent in-stent net volume obstruction and the percent neointima-free length of the stent were also similar ( Despite similar amounts of neointimal hyperplasia, late loss, and %DS between the groups, binary angiographic restenosis rates were reduced significantly for direct stent versus the control, even after propensity score adjustment (Fig. 4) . The restenosis rates remained similar between the groups at the proximal and distal edges, but direct stenting was associated with a significant reduction of focal in-stent restenosis compared with control. The prevalence of diffuse, proliferative, and totally occluded in-stent restenosis was low and comparable for the groups (Fig. 4) . Clinical outcomes through 9 months. Early MACE rates were comparable between groups (in-hospital control 2.6%, direct stent 3.2%, p ϭ 0.60; 30-day control 3.1%, direct stent 3.3%, p ϭ 0.93). However, 9-month MACE rates were significantly lower for direct stent than control (Table  4) . This difference was mainly attributable to a 70% reduction in TLR for direct stent versus control. The groups were similar for myocardial infarction, cardiac death, and noncardiac and total death. Of note, adjusted target vessel revascularization (TVR) and TLR rates were concordant with the unadjusted rates ( Table 5) . 12-month clinical outcomes. At 12 months, the direct stent group exhibited a sustained 70% reduction for TLR versus the control, which was reflected in a 63% reduction of both TVR and MACE (Fig. 5) . Propensity score adjusted rates were concordant with the unadjusted rates (Table 5) . Additionally, the reduction in TLR was not affected by N S , V O L . 1 , N O . 2 , 2 Throughout the 12-month follow-up, there were no episodes of stent thrombosis in the direct stent group versus an incidence of 1.1% in the control. After propensity score adjustment, this difference was statistically significant. The ARC definite or probable stent thrombosis was 0.0% for direct stent versus 1.5% (8 of 523) for pre-dilation control (p ϭ 0.0635). Predictors of TLR. Multivariate modeling identified RVD, stent expansion index, and implantation technique as predictors of 12-month TLR. Smaller vessels increased the risk for TLR (Ϫ1.24; hazard ratio [HR] 0.29, 95% CI 0.13 to 0.62; p ϭ 0.0015), such that for each 1-mm decrease in baseline RVD, there was a 29% increased risk for TLR. The stent expansion index was also a negative predictor for TLR (Ϫ0.04; HR 0.96, 95% CI 0.93 to 0.99; p ϭ 0.018), with 1% underexpansion resulting in a 4% increased risk of TLR. Finally, direct stenting was an independent negative predictor for TLR (Ϫ0.97; HR 0.38, 95% CI 0.17 to 0.86; p ϭ 0.0204) and corresponded to a 38% risk reduction for TLR.
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Discussion
The TAXUS ATLAS DIRECT STENT demonstrates that direct deployment of TAXUS Liberté in selected patients is feasible and can shorten procedural times versus pre-dilation while decreasing the rate of procedural complications in simpler lesions. Neointimal hyperplasia was similar after both direct stenting with TAXUS Liberté and stenting with pre-dilation, but direct stenting was associated with reduced rates of binary angiographic restenosis and ischemia-driven TLR. There was also a trend for a reduced risk of stent thrombosis in the first year after direct stent implantation. However, it is unclear whether these benefits are due to direct stenting itself or to the favorable vessel and lesion characteristics that led to selection for the direct stenting group. Data shown are for paired analysis subset, including patients for whom both procedure and 9-month data were available. Numbers shown are mean Ϯ SD (n) or % (n). *p values were calculated by Student t test.
Abbreviations as in Tables 1 and 2 . Ormiston et al.
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The TAXUS ATLAS DIRECT STENT Study
With the advent of more deliverable stents, direct stenting has become increasingly common. As a thin-strut drug-eluting stent with a lower profile and increased flexibility for enhanced deliverability and conformability, TAXUS Liberté is suitable for direct stenting in selected patients. Indeed, direct stenting was successful in 97.6% of patients in this study, which is similar to the best results reported with bare metal stents in somewhat simpler lesions (1-5).
A major benefit of direct stenting is a significant reduction in procedure time and radiation exposure (1-5). However, direct stenting might lead to errors in stent placement because of limited vessel opacification, incorrect stent sizing, underexpansion, or incomplete strut apposition. Stent dislodgement and embolization are theoretical possibilities either at the lesion site or upon withdrawal of an unsuccessfully attempted stent placement. Thus, direct stenting might increase procedural risk or suboptimal late clinical outcomes. In the present study, the benefits of reduced procedural time and radiation exposure were confirmed for TAXUS Liberté without any potential adverse consequences. In particular, the occurrence of incomplete apposition was low and comparable between the groups. The stent expansion index was similar in both groups, and procedural complications such as no reflow, distal embolization, dissection, or thrombus formation were significantly reduced after direct stenting versus pre-dilation. Thus, MACE ϭ major adverse cardiac events; MI ϭ myocardial infarction; TLR ϭ target lesion revascularization; TVF ϭ target vessel failure; TVR ϭ target vessel revascularization. It is important to underscore that patients were carefully selected for direct stenting. The QCA analysis revealed that 95% of lesions were Ͻ23.5 mm in the direct stent group but Ͻ28 mm in the pre-dilation group, indicating that longer lesions were clearly avoided for direct stenting. Lesion calcification was significantly less in the direct stent group, with only 2% of direct stent lesions severely calcified. Additionally, stenosis severity in the direct stent group was less than in the pre-dilation group. However, with more than 70% of lesions classified as American College of Cardiology/American Heart Association type B2 or C, the lesions treated in this study are the most complex enrolled in any direct stenting study to date (1) (2) (3) 5) .
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Preclinical studies have suggested that direct stenting might be less traumatic than stenting after pre-dilation in that it limits endothelial denudation, edge injury, and the occurrence of dissections or thrombus formation (17, 18) . Rogers et al. (17) demonstrated that the vascular response to stent implantation in arteries denuded by balloon pre-dilation, including monocyte recruitment, reendothelialization, and neointima development, can be dramatically reduced by direct stenting, which leaves some remnant endothelium. Presumably, this can increase the speed of regeneration of an intact endothelial monolayer and reduce the requirement for endothelial proliferation and migration. However, randomized clinical trials evaluating Ormiston et al. The TAXUS ATLAS DIRECT STENT Study direct stenting of bare metal stents have failed to show a consistent benefit in reducing angiographic restenosis or TLR versus stenting after pre-dilation (1) (2) (3) 5) . Therefore, TAXUS ATLAS DIRECT STENT is one of the first studies to report a beneficial effect of direct stenting on binary restenosis and the need for TLR (48% and 70% relative reduction, respectively, at 9 months). The conflicting impact of direct stenting on TLR and restenosis between the current study and previous bare metal stent studies might be due to differences in vascular healing after implantation of drug-eluting stents versus bare metal stents. Because drug-eluting stents are associated with delayed endothelialization versus bare metal stents, leaving areas of intact endothelium might be more important for drug-eluting stents than bare metal stents. In support of this concept, there was a significant reduction of TLR after direct stenting with drug-eluting stents in a recent small randomized trial (19) and a trend for reduced revascularization in an ad hoc analysis of the sirolimus-eluting stent (13) . This outcome might also result from reduced local dissection and post-procedural thrombus after direct stenting, as suggested in this study and by others (17, 18) . Alternatively, lesions treated in the present study were of higher complexity than those previously studied, so a less traumatic approach might have had a greater effect on these more complex lesions. Conversely, although direct stenting remained a predictor of lower TLR rates after multivariate modeling, we cannot exclude the confounding effect of the slightly shorter lesion length and larger MLD in the direct stent cohort or associated lesion factors that might also have contributed to reduced restenosis. Further studies are necessary to clarify these hypotheses. Study limitations. The TAXUS ATLAS DIRECT STENT is a nonrandomized study using historical controls from TAXUS ATLAS. Although the inclusion/exclusion criteria of both studies were identical, the lack of randomization allows for imbalance in baseline characteristics. Although propensity score adjustments can partially compensate for the lack of randomization, they cannot substitute for randomization. Furthermore, because lesions chosen for direct stenting in this trial were carefully selected, the results might not apply to higher-risk lesions and patients not studied. Finally, although the reduction in TLR is interesting, the study was not powered to detect differences in TLR.
Conclusions
Direct stent implantation with TAXUS Liberté is a feasible and highly successful technique for carefully selected lesions of limited length and freedom from severe calcification. Direct stenting with TAXUS Liberté is noninferior to stenting with pre-dilation in terms of 9-month %DS and can significantly shorten procedure time, reduce procedural complications in simpler lesions, and might decrease restenosis and TLR rates.
